Taking into account the available accelerator and astrophysical constraints, the mass of the lightest neutral Higgs boson h in the minimal supersymmetric extension of the Standard Model with universal soft supersymmetry-breaking masses (CMSSM) has been estimated to lie between 114 and ∼ 130 GeV. Recent data from ATLAS and CMS hint that m h ∼ 125 GeV, though m h ∼ 119 GeV may still be a possibility. Here we study the consequences for the parameters of the CMSSM and direct dark matter detection if the Higgs hint is confirmed, focusing on the strips in the (m 1/2 , m 0 ) planes for different tan β and A 0 where the relic density of the lightest neutralino χ falls within the range of the cosmological cold dark matter density allowed by WMAP and other experiments. We find that if m h ∼ 125 GeV focus-point strips would be disfavoured, as would the low-tan βτ −χ andt 1 −χ coannihilation strips, whereas theτ − χ coannihilation strip at large tan β and A 0 > 0 would be favoured, together with its extension to a funnel where rapid annihilation via direct-channel H/A poles dominates. On the other hand, if m h ∼ 119 GeV more options would be open. We give parametrizations of WMAP strips with large tan β and fixed A 0 /m 0 > 0 that include portions compatible with m h = 125 GeV, and present predictions for spin-independent elastic dark matter scattering along these strips. These are generally low for models compatible with m h = 125 GeV, whereas the XENON100 experiment already excludes some portions of strips where m h is smaller.
Introduction
Since supersymmetry relates the Higgs self-coupling to electroweak gauge couplings, it is a characteristic prediction of the minimal supersymmetric extension of the Standard Model (MSSM) that the lightest neutral Higgs boson h should be relatively light. This prediction is in agreement with the indirect indications from precision electroweak data, which favour m h ∼ 100 GeV [1] . Indeed, at the tree level m h would be < m Z , but radiative corrections due principally to the top squarks may increase m h to ∼ 130 GeV within the MSSM [2] .
The latest LHC searches for a Standard Model-like Higgs boson exclude the mass range m h ∈ (127, 600) GeV at the 95% CL, but leave open the range m h ∈ (115.5, 127) GeV, which is consistent with the MSSM prediction [3] . Moreover, within this range ATLAS sees an excess of events with m h ∼ 126 GeV [4] , and CMS sees a broader excess extending over the range m h ∈ (119, 125) GeV [5] . The observations of these excesses are more significant within the MSSM than in the general Standard Model context, since the look-elsewhere effect is diminished for the restricted Higgs mass range predicted previously within the MSSM.
Identifying the lightest neutralino χ as the dominant component of dark matter provides an important constraint on the MSSM parameter space [6] that can be quantified within any specific framework for supersymmetry breaking. Here we assume the CMSSM [7] [8] [9] [10] [11] [12] [13] , in which the soft supersymmetry-breaking parameters m 1/2 , m 0 and A 0 are constrained to be universal at the GUT scale. In the CMSSM, there are narrow strips of parameter space where the relic χ density falls within the narrow range indicated by WMAP and other astrophysical and cosmological measurements [14] , which we take to be Ω χ h 2 = 0.112 ± 0.12 corresponding to a conservative 2 − σ range. These strips include one where coannihilation between χ, the lighter stauτ 1 and other sleptons brings the cold dark matter density into the WMAP range [15] , which at large tan β extends into a funnel where annihilations via direct-channel H/A resonances are dominant [7, 9] , and a focus-point strip at large m 0 where annihilation is enhanced by a significant Higgsino component in the composition of χ [16] .
When A 0 is large, there may also be a strip where χ coannihilation with the lighter stopt 1 is important [17] .
These strips are useful for benchmarking searches for supersymmetry at colliders [18] and searches for astrophysical dark matter [19] , e.g., via direct searches for elastic scattering [20] or via searches for energetic neutrinos produced by dark matter annihilations in the core of the Sun or Earth [21] , or via searches for energetic photons from dark matter annihilations near the centre of the Galaxy [22] or elsewhere. It is therefore important that the benchmark strips should be updated to take the latest accelerator and other constraints into account [23] .
1 This is the main purpose of this paper, with particular focus on highlighting (portions of) strips that are compatible with a hypothetical measurement of m h , and their implications for dark matter detection.
It is a general feature of relic density calculations that they yield an upper limit on the magnitudes of m 1/2 and m 0 , and hence on m h . This connection was explored in [24] , with the result that an upper bound m h ∼ 127 GeV was found within the CMSSM, after the experimental, phenomenological, astrophysical and cosmological constraints then available were taken into account. This result was confirmed in a recent global frequentist analysis of constraints on the CMSSM [13, [25] [26] [27] . It is encouraging that the excesses found by ATLAS and CMS fall within the range allowed by these analyses. Within a specific framework such as the CMSSM, a measurement of m h would impose a complementary constraint on the strips of parameter space allowed by the dark matter density, although with some uncertainty due to the error ∼ ±1.5 GeV associated with the theoretical calculation of m h for any given value of the CMSSM parameters [28] . The impact of this constraint on the CMSSM was explored recently [27, 29] , for the values m h ∼ 125 and 119 GeV suggested by the recent ATLAS and CMS results. It was shown, in particular, that
relatively large values of m 1/2 , m 0 , A 0 and tan β would be favoured if m h ∼ 125 GeV.
In this paper we explore in more detail the potential implications of an LHC measurement of m h ∼ 125 or 119 GeV for the WMAP-compatible strips of the CMSSM, concentrating on the case µ > 0. We find that a measurement of m h ∼ 125 GeV would favour thẽ τ 1 − χ coannihilation strip and its extension to the rapid H/A annihilation funnel at large tan β with A 0 > 0, and disfavour the low-tan βτ 1 − χ coannihilation strip, as well as thẽ t 1 − χ coannihilation and focus-point strips (except if m 0 > 5000 GeV). On the other hand, a measurement of m h ∼ 119 GeV would keep these options open. We also discuss the interplay within the CMSSM between m h and the elastic dark matter scattering cross section. We find that, whereas some low-m h models are already excluded by the XENON100 experiment [30] , models with m h ∼ 125 GeV typically predict cross sections well below the present experimental sensitivity.
Summary of Results from Scans of the CMSSM Parameter Space
As mentioned in the Introduction, in 2005 a scan of the CMSSM parameter space was made over the ranges 100 GeV < m 1/2 < 2 TeV, m 0 < 2 TeV, |A 0 /m 1/2 | < 3, 2 < tan β < 58 and µ > 0, mostly with m t = 174.3 GeV though other values of m t were also considered in less detail. The principal result of this scan was a histogram of m h shown in Fig. 1 of [24] , which displayed a range extending up to ∼ 127 GeV. This is reproduced in the upper left panel of Fig. 1 , with vertical green bands added to indicate the ranges m h = 119 ± 1.5 GeV and 125 ± 1.5 GeV hinted by LHC data [4, 5] . It is encouraging that the range found in [24] includes the value m h ∼ 125 GeV currently preferred by ATLAS and CMS. However, it is equally clear that this value is far from the mode of the histogram. The lower left panel of Fig. 1 displays the (relatively few) points compatible with m h = 125 GeV as calculated using
FeynHiggs [28] within the theoretical error of ±1.5 GeV, highlighting (in red) the (very few) points favoured by g µ − 2 [33] Recently, as members of the MasterCode collaboration, we have participated in a frequentist analysis of the relative likelihoods of different points in the CMSSM parameter space incorporating the constraints from LHC missing-energy searches [31] on supersymmetric particles with ∼ 1/fb of data [26] . This analysis favoured m h ∼ 119 GeV, with a likelihood price ∆χ 2 ∼ 2 for a hypothetical measurement m h ∼ 125 GeV. As shown in [27] , such a value of m h would indicate within the CMSSM a preference for relatively large values of m 1/2 , m 0 and tan β, confirming the results of [24] . However, we also note that smaller values of tan β ∼ 10 are still allowed at the 68% CL even if m h ∼ 125 GeV, in association with m 1/2 ∼ 700 GeV. The analysis of this paper complements that of [27] , by providing more insight into the interplay of the principal constraints and the resulting predictions for direct dark matter detection.
Dark Matter Strips
As was reviewed in the Introduction, the requirement that the relic neutralino density falls within the range allowed by WMAP and other observations implies that, the allowed values or by enhanced Higgsino components (along focus-point strips). As was also mentioned in the Introduction, points along these WMAP-compatible strips are often used as benchmarks [18] for dark matter searches [19] , e.g., via scattering [20] or annihilations into neutrinos [21] or photons [22] . These benchmarks strips require updating in light of the strengthening LHC constraints on supersymmetry [23] and the hypothetical Higgs mass measurement [4, 5] . and m 0 where the LSP is the lighter stop,t 1 , which expand with increasing A 0 . There are 1 As already mentioned, we focus here on µ > 0. This assumption was motivated in the past by indications from g µ − 2 and the desire to avoid strong constraints from b → sγ [32] , but should perhaps be reviewed now in light of the growing tension between LHC missing-energy constraints [31] and g µ − 2 [33] .
2 The true WMAP strips corresponding to Ω χ h 2 = 0.112 ± 0.012 [14] at the 2 − σ level are often invisibly narrow. Accordingly, in these and most subsequent figure panels, the WMAP strips have been made more visible by colouring regions where 0.05 < Ω χ h 2 < 0.15. ters are expressed in GeV units):
Values of m h ∼ 119 GeV are attained for relatively large values of m 1/2 along these strips.
For comparison, we also discuss the focus-point strip for tan β = 10 and A 0 = 0, which may be parametrized (a linear fit is inadequate in this case) by 
Points all along this strip give values of m h consistent with 119 GeV, taking into consideration the theoretical uncertainties in the calculation of m h .
We also consider the correspondingτ 1 − χ coannihilation strips for tan β = 40, for A 0 = 0 and 2.5m 0 :
We also consider some examples of strips with tan β = 55. In the case A 0 = 0, shown in the right panel of Fig. 2 , theτ 1 − χ coannihilation strip morphs into the rapid H/A annihilation funnel when m 1/2 ∼ 1000 GeV, so we give parametrizations of both sides of the funnel:
In this case, m h ∼ 119 GeV at relatively low values of m 1/2 below the funnel bifurcation, but values compatible with m h = 125 GeV are not reached even at the tip of the funnel. As already commented, when tan β = 55 we do not find generic solutions for A 0 = 2.5m 0 , so we consider A 0 = 2m 0 , as shown in the lower left panel of Fig. 4 . This strip does not bifurcate into a funnel, and is parametrized by
In this case, values of m h ∼ 125 GeV and even larger are quite possible. Finally, we consider the focus-point strip for tan β = 55 and A 0 = 0:
where (we recall) all dimensionful parameters in the above equations are expressed in GeV units.
The Higgs Mass and Dark Matter Scattering along WMAP Strips
We now discuss the the spin-independent dark matter scattering cross section along the WMAP strips introduced in the previous Section, and correlate it with the predicted mass The right panel of Fig. 7 displays the spin-independent χ − p scattering cross section calculated along the same strips for tan β = 10, displayed as functions of m χ ∼ 0.42m 1/2 .
The central values (shown as solid lines) are for Σ πN = 50 MeV, and the dashed lines are for 64 and 36 MeV, respectively 6 . These predictions are compared with the upper limit from the XENON100 experiment (solid dark blue line, the shaded bands are the ranges of the exclusion expected at the ±1, 2σ levels) [30] . We see that the cross section along theτ 1 − χ coannihilation strip for A 0 /m 0 = 2.5 (shown in red) is somewhat lower than for A 0 = 0 (shown in black), though the difference is much less than the hadronic uncertainty in the cross section. If Σ πN = 50 MeV, the portions m χ < 80, 90 GeV would be excluded by the XENON100 experiment [30] , and the LHC missing-energy searches [31] and the hypothetical m h = 119 GeV measurement would suggest a cross section < 10 −9 pb. The cross section along the focus-point strip (shown in blue) is significantly higher, particularly for large m χ .
This reflects the fact that along this strip the relic density is brought into the WMAP range by χ − χ annihilations alone, whereas coannihilation processes are important along the other strips. Thus, the χ − χ annihilation cross section is higher along this strip, and the correspondingly also the elastic scattering cross section 7 . The XENON100 experiment [30] imposes m χ > 150 GeV along this line, if Σ πN = 50 MeV. The elastic scattering cross section is lowest of all along thet 1 − χ coannihilation strip (shown in green). This is because in this case the coannihilating partner particle is strongly-interacting, and the weights oft 1 − χ coannihilations andt 1 −t 1 andt 1 −t 1 annihilations are enhanced relative to the corresponding processes along theτ 1 − χ coannihilation strip, so the role of χ − χ annihilation is reduced, and similarly the elastic scattering cross section, which is far below the XENON100 upper limit.
The left panel of Fig. 8 displays the values of m h along various WMAP strips for tan β = 40. As before, the black line is for theτ 1 − χ coannihilation strip with A 0 = 0 (5), and the (substantially higher) red line is for the corresponding strip with A 0 /m 0 = 2.5 (6) . In this case, the coannihilation strip for A 0 = 0 extends to m 1/2 ∼ 1100 GeV before terminating where m χ = mτ 1 , whereas the strip for A 0 = 2.5 extends to m 1/2 ∼ 1300 GeV. The lower bounds on m 1/2 along these strips due to b → sγ are indicated by green brackets { . The The left panel of Fig. 9 displays the values of m h along various WMAP strips for tan β = 55. As before, the black line is theτ 1 − χ coannihilation for A 0 = 0 (7), and is actually doubled for m 1/2 > 1200 GeV before terminating at m 1/2 ∼ 1600 GeV, corresponding to the two sides of the rapid-annihilation funnel, though the corresponding values of m h are The right panel of Fig. 9 displays the corresponding elastic scattering cross section along the same strips. As in Fig. 7 , the focus-point strip yields the highest cross section, and as there and in Fig. 8 , the cross section for A 0 = 0 is larger than that for A 0 /m 0 > 0. This time, the cross section for A 0 /m 0 = 2.0 is smaller than that for A 0 = 0 by more than an order of magnitude, and is again always < 10 −9 pb, even for the optimistic value Σ πN = 64 MeV. Along the focus-point strip, on the other hand, the cross section could be as large as the XENON100 upper limit. 
Summary
We have discussed in this paper the interplay between a hypothetical measurement of the mass of the Higgs boson and spin-independent elastic dark matter scattering, in the context of WMAP strips in the (m 1/2 , m 0 ) planes of the CMSSM. In the past, it has been common to discuss planes with A 0 = 0 and various values of tan β ∈ [10, 55] . However, previous studies [24, 27, 29] have shown that A 0 > 0 may be preferred, so we have explored this possibility in this paper. Among the examples we consider is at 1 − χ coannihilation strip, a possibility that does not arise if A 0 = 0, and which has not been extensively studied in the dark matter detection literature.
Positive values of A 0 generally yield larger values of m h than for A 0 = 0, which may be preferred in light of the LHC 'hint' that m h ∼ 125 GeV, though m h ∼ 119 GeV may still be a possibility. As could be anticipated from previous studies, only limited portions of the WMAP strips are compatible with m h ∼ 125 GeV, whereas larger portions are compatible with m h ∼ 119 GeV. In addition toτ 1 − χ coannihilation strips with tan β ∼ 40 or more and A 0 ∼ 2m 0 or more, which are reflected in Figs. 2 and 3 of [27] , we also find that some portion of theτ 1 − χ coannihilation strip for tan β = 10 may also be compatible with m h ∼ 125 GeV within the FeynHiggs uncertainty of ±1.5 GeV if A 0 is very large, e.g., A 0 = 3000 GeV, m 1/2 ∼ 900 GeV and m 0 ∼ 350 GeV. Such points would populate the low-tan β tail of the 68% CL region in the CMSSM (tan β, m 1/2 ) plane shown in Fig. 3 of [27] . On the other hand, most supergravity models have A 0 = c.m 0 with c ∈ [−3, 3] , so this example might not arise in such scenarios.
CMSSM models lying along WMAP-compatibleτ 1 −χ coannihilation strips with A 0 /m 0 > 0 generally have lower spin-independent elastic dark matter scattering cross sections than the corresponding cases with A 0 = 0. Some models with low m χ and m h are already excluded by the XENON100 upper limit on dark matter scattering, but models with m h ∼ 125 GeV generally yield cross sections well below this limit, typically < 10 −9 pb. It will be interesting to use some of the strips discussed here to benchmark other astrophysical dark matter strategies, e.g., indirect searches for χ − χ annihilations that yield energetic neutrinos or photons. However, the general (loose) correlation between elastic scattering and relic annihilation suggests that the rates for such processes may also be suppressed in many models compatible with m h ∼ 125 GeV.
